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2that may have interesting implications for the generation
of the baryon asymmetry of the universe [9, 10].
In this letter we will demonstrate how a variant of the
Zee model allows the generation of small phenomenolog-
ically acceptable neutrino masses and at the same time
produces a new viable dark matter candidate near the
electroweak scale.
II. THE MODEL
We consider a model with suÆcient symmetry that
neutrino masses appear only at the three loop level.
To achieve this we supplement the SM elds with two















. We break lepton number explicitly by in-
cluding a Majorana mass term for the right-handed neu-
trino, and impose a discrete Z
2
symmetry under which
the SM elds and S
1

















forbidding Dirac masses for the neutrinos. Given this
symmetry, the most general renormalizable terms that




































) + h:c: ; (5)




























are of order one. This implies that N
R
is
stable if the above discrete symmetry is unbroken. Also,
since lepton number is broken, we expect a left handed
Majorana neutrino mass at the quantum level, and in-
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FIG. 1: The three-loop diagram through which a nonzero
neutrino mass is generated.







to obtain an eective theory contain-



























































 TeV, we obtain  > 10
9
GeV and so the model
provides a hierarchy between the electron and neutrino
masses and yields neutrino masses at the 0:1 eV scale
without involving mass scales signicantly larger than a
TeV.
III. DARK MATTER
As we commented above, in our model the right-




and the discrete symmetry Z
2
is unbroken. It is
natural to wonder whether this stable, neutral, weakly-
interacting particle might be a reasonable cold dark mat-
ter (CDM) candidate. To determine this we need to cal-
culate the relic abundance of right-handed neutrinos pro-
duced as the universe cools.
We begin by noting that the right-handed neutrino an-














We also need the standard result that the number density

















































is the eective number of massless degrees of



























































where the minus sign in front of the second term arises
because the annihilation of N
R
is a p-wave process,
and where we can ignore the masses of the annihilation
3products with masses less than M
R
. For typical values
g
2
 0:1 and M
S
2





' 20 : (12)
The ratio of the energy density in right-handed neutri-


























' 0:1  1 ; (14)
as required for a viable CDM candidate.
Note also that because the right handed neutrino has
no direct neutral current couplings to quarks, it would
not be detected in existing WIMP detection experiments
sensitive to elastic scattering o of nuclei.
IV. CURRENT EXPERIMENTAL
CONSTRAINTS
We next consider whether what current phenomeno-
logical constraints on lepton number violation imply for
this model.
First note that stringent constraint on the parame-
ters f

can be derived from the new contribution to














The Lagrangian (6) can also lead to the avor violating
process ! e+ . Using the experimental bound on its





















 few TeV, and are also consistent with limits
from neutrinoless double -decay experiments, and are
thus comparable with the requirements needed to gener-
ate neutrino masses and dark matter, as described above.
Although the right-handed neutrino is a singlet under
the SM gauge group, it may be produced in our model
through the scatterings of SM particles and the subse-
quent decay of S
2
.
If the center of mass energy of the next generation
linear collider exceeds twice the mass of S
2
then these





hilation. In this case, the dominant decay channel for the
S
2
particle would be into a charged lepton and the light-
est right-handed neutrino, providing a possible collider
signature of the model.
V. CONCLUSIONS
It would be particularly exciting if a single mechanism
might resolve two of the most important outstanding puz-
zles in particle physics and cosmology: the nature of dark
matter, and the origin of neutrino masses. As we demon-
strate here, it is possible to extend standard model of
particle physics in a way so that both puzzles may nd
a common resolution. The symmetry structure of our
model is such that neutrino masses occur only at three-
loop level, and so are naturally small. As a consequence,
the right-handed neutrino is not constrained to be have a
large mass, as in other examples of neutrino mass genera-
tion, such as the seesaw model. Such a light right-handed
neutrino is a possible weakly interacting massive particle
(WIMP) dark matter candidate.
We have explored the experimental constraints on our
model and it currently passes all standard model tests.
More exciting perhaps is the fact that the TeV-scale scale
energies required should be accessible at colliders in the
near future. The model may also be tested by future
neutrinoless double -decay experiments. A new sort of
direct detection WIMP technology would be required to
directly detect the dark matter candidate we propose.
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